The data showed that pathogenic free-living amoebae contain the proteolytic enzyme elastase. The levels of enzyme were similar in Naegleria fowleri, N. australianis italica, and Acanthamoeba culbertsoni A-1. No difference was found between elastase levels in a highly pathogenic N. fowleri and those in the same organism which had lost pathogenicity as a result of long-term axenic maintenance.
Free-living amoebae cause three well-defined disease entities (15, 18) . Naegleria fowleri has been shown to be responsible for primary amoebic meningoencephalitis, a quickly fatal disease resembling bacterial meningitis. In contrast, Acanthamoeba species cause either a chronic granulomatous encephalitis or a chronic amoebic keratitis (18) . During the course of amoeba host tissue invasion and multiplication in various body sites such as the olfactory mucosa and the brain, there is evidence of extensive tissue destruction. The mediators of tissue injury are believed to be of both amoebic and host origin (3, 6, 8, 9, 12, 13, 16, 17, 21 Human leukocyte elastase is thought to be involved in the pathogenesis of pulmonary emphysema (14) . It degrades a wide range of other connective tissue proteins such as fibrinogen (23) , collagen (1, 11), and proteoglycan (1, 19) . In vitro evidence also suggests that tissues altered by prior elastase treatment are more susceptible to oxygen radical attack (5) . We thus examined free-living amoebae for the presence of elastase activity.
In this study, we used isolates of N. fowleri (York, Damiano, and Peterson) (22) , N. australiensis italica, and Acanthamoeba culbertsoni A-1 (9). Naegleria species were maintained axenically in Fulton A medium containing 10% fetal calf serum in tissue culture flasks (22) . A. culbertsoni A-1 was similarly maintained in Trypticase soy broth (9) . Virulence of the organisms was determined by mouse pathogenicity studies (18) . Neutrophils were prepared from peripheral blood samples from healthy volunteers by the rapid single-step method (10) .
Amoebae were washed, suspended in Hanks balanced salt solution to a concentration of 107/ml, and sonicated to release enzymes. After centrifugation at 400 x g for 10 min, the supernatant was collected and assayed for elastase activity by the assay described by Bieth et al. (2) . This assay makes use of the substrate succinyl-(L-alanine)3-p-nitroanilide, which is only poorly hydrolyzed by enzymes such as trypsin and chymotrypsin. To assay for elastase activity, 100-and 200-pI samples of supernatants were incubated at 37°C for 3 h in the presence of 10 pI of succinyl-(L-alanine)3-p-nitroanilide (125 mM in N-methylpyrrolidine) and 1 ml of buffer (0.2 M Tris hydrochloride, pH 7.2). The reaction was stopped with 50 RI of glacial acetic acid and read at A410.
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The results demonstrated that both Naegleria spp. and Acanthamoeba spp. contained elastase ( Table 1 ). The levels observed were similar to those in human neutrophils, although they were highest in Acanthamoeba spp. Whether this difference is an innate property of the cells or is influenced by the types of culture medium used requires clarification. N. fowleri Damiano, which had been maintained axenically for 1-week and 3-month periods, contained similar concentrations of elastase. In the 3-month culture, the amoebae lost pathogenicity for mice. The results suggest that the loss of amoeba virulence is not related to elastase levels.
Penetration of mucosal surfaces by these amoebae most likely depends on the capacity to damage tissue. Naegleria spp. have been shown to destroy relatively larger target tissue cells in culture, and this may mimic their capacity to destroy tissues in vivo (4). In vitro, N. fowleri is destructive to a range of mammalian cells, and cytolytic and cytopathogenic activity has been found in amoeba culture supernatants (6, 8, 13, 17) . A number of amoeba components and enzymes have been implicated for the cytolytic effects. These include phospholipase A, sphingomyelinase, a cytolytic and granuleassociated cytotoxic activity, and a Naegleria amoeba cytopathogenic agent. Protease activity has also been demonstrated. We now present evidence of elastase activity in both Naegleria 
